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(54) LITHIUM SECONDARY BATTERY AND ITS 
MANUFACTURE AND ITS NEGATIVE 
ELECTRODE MATERIAL AND ELECTRIC 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium 
secondary battery which has a high capacity and a long 
cycle service life, a manufacturing method and an 
electric apparatus using it. 

SOLUTION: In a lithium secondary battery which is 
provided with a positive electrode 13, a negative 
electrode 16 containing a negative electrode active 
material which can store/discharge a lithium ion, and a 
lithium ion conductive nonaqueous electrolyte or a 
polymer electrolyte, the negative electrode active 
material has carbon substance particles and a metal 
which rises an intrusion/ separation characteristic of 
the lithium ion implanted in the particles and metallic 
oxide particles. The carbon substance particles and the 
intrusion/separation characteristic particles are 
produced by means of a carbonization treatment of mixing 
with an IV1A or a carbon precursor. 
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1 

«^{CfeV^T, StfiaftS?S«feK;i)^S i, Sn, Ge, A 
1, Zn, Bi, MgA^e>^«tl5if>«;<il=fc-^SgS: 

\^K5om&%iiLttm2itnr=.m-^^^mu mm 

J:*-: 1 0 M mar^iKS&^-tS Zl U 5^ 20 

mz5omM.%&itmj2,tixf=.mmm^mu msM 30 

izmssEmt^mt<Dr^x(Dmmv^^2^-iyfy(DmA 

mmxsmmL=f-ti^m?^m^{Hiz5omM%&. 40 
t^m^ 8 0 m&%pjJ:Rxm^i*^m^ 2 0 M*%ij/i 

mSifeMX^I^jbtXiSgia^nSlcj:* (0 0 2) SODIS 
PS^'fO. 3 3 5 0 nmRiiO. 3 6 5 0 n mJ^ilTTfeS 3 

[ft*«6] ft*3Sl~5(D^^-rtl75)HCfeV^T, BulBg? 



#M2000-24 3 3 9 6 

2 

8 OciD-l{CM-^S 13 6 Ocni-l©lf-i7§S|gJt7!)^0. 1 

-^5|5<Z)J:b^Di5ll;5)'! 1-10 0 m2/ g T'^S 3 i: 

M!fez-?-Xli^^b#ffez^Ci Si, Sn, Ge, Al, 
Zn, Bi, Mg, Pb, S b, B, In, Ga, T 
1, P, As, Pd]Si.Z:^Pt<D'pfj:<tt)l^(D^X 

[fi^«9] ff*:si~B®v%-r4x3!)^{cfev\T, ttna^ 

1t^^i>\ ABxOy (A: Si, S n, Ge, Al, 
Zn, Bi, Mstt^i^miin^l^iM. B:Si, S 
n, Ge, Al, Zn, Bi, Mg, P, B, Ca, 
K, Na, Li, F^^<omitn^'pfj:<tijl^m. x 

= 0-1.5, y =1.0 --5. 5) (Dfm^m u m^M 

m^io]]Emii. v^oM,'<7fy^mmim'^m 

'j'^i.-^yi-ycmMm^mm^^^znx^xn^ 

mtiz^^xtmmmmm'j-^tmm^mmtf- 
mz 5 0 mM%&j:.tmtirM^^-t?> zi t i:!\mti-t 

m^mi 1] ismt, 'j^^i^-iyfyiimmm-ssm 
^jiMwmm.^'^ti^mt. v^rpi^^^tymmmD^ 

r^:mk(owk^mz^5^^x. msmmmnt)^si, s 

n, Ge, Al. Zn, Bi, Msti^ibmittlS>'pt3:< 

mm<m.iztmt^jM. rk^'^xtms^mm&.^m 
m<Dmmizmvp-t&jM^m-t?>zt: u ^ 

m^i2'iiEmt. v^^/^^yi-y^mm^m-^m 

n^Rzj^miMmzmimmtMmt(D?^x(Dtfm u ^ 
'yM.^:ty(mMmi:mm^<im^zMLx-mi^^ 

m^m$m&^i:^-)\^iMz^^mm^tmmiimm 

i: {c J: o xmBmMmm.^^mni^mmm^\^ 
iz5omM.%&ditmh^-^^^m^t^jim. 



3 

[ft#3S 1 3 ] mim 9-12 (D\>^^nmzi3\'^x. Wi 
mmm!m.ii^y^m\mmiz^^ (002) m<Dmm 

0.33 50 nm~0 . 3 6 5 0 nm, TJVzIy l/-if- 
5V>tCj:S 1 5 8 0cm-l{C*ff S 13 6 Oca<(Dlf- 

{rmmitti<o.i5~2.o(Dmmm^^u mis. 

?mM<Diimmm^'^ l~100m2/g T*S)S ^ i: 

5 M niJitmt>* 9 0fiS%ai:jb^ 1 

0 At m&sr<m^%:m u ximmm^mt 9 0 a* 
[»*^i 5] BmimjfmmmizwmiEmtiim 

^ii^mi^mi'miz 5 oaa%jiU:*^m*tife^^ 

m^m 1 6 ] m^T^ 1 ~ 1 0 ® v ^rtiMzmm(D u 5^ 

[0 0 0 1] 

m=.^m&t^<m!k-^mcxf'^n^m^^tcmmi^iz 
•5. 

[0002] 

w&<Dmm'^m^^tix^^^o z.<Dm^^mr~-tr.rm 
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EEffif-SfctttC, Li-Pb-^Li-Al^COU-J^-^/A 

10 *^e.4^Tv^«;v^, Ji^T'tt, ^mmmzmik^^^^ 

[0 0 0 3] 

[l8^;&W85iLJ:e)i:-r-2)flllI] ^5:AS-?gife3S{CM 
V^fc^, :ac^S^i■^^V^^f^^3 7 0Ah/kg-eS)So 

A 1 , P b ISf® L i i:^ra^b-^S:?^^Rri8^7t;^*^ 

mmz'^K^^i^^-i ^ )v^\um<. %mm\z\i.^m 
\m%-mmm^mm>L bras $tiT v^fe. 

LT, 4fgl¥9-213329^#SS5|28-236158-^&#lfS 

T, m«#gl¥6-279112 #T'(ir;i/7!jU^i:-^ 
10-3920#tt*Mg, Al, S i^©i*K?-5:;^^T' 

u mmmimh<^y^^w/pmm-^icix\i^ 

•So 

40 [0004] 2|s:|g^© B «J«. #t4^Mb &Bi(# L, 
[0 0 0 5] 

^)^^h.rjimm^w^-t^\zm.^ fc„ 

[0 0 0 6] lEIli:, U5^':7A-f;i->$:®ji5 

50 i«mwri6^^:®?Sifejss:^tmffiii, vf-f?h.^y!tym 



5 

^'>An«>(®fiT'«.y, mBMmm!m.f)^si, sn, 

Ge, Al, Zn, Bi, Mgi)^^mitn&:iftSi< 
[0 0 0 7] :z|s:f6^idu mmt. U^^2A-(yi-y^mM 

^^mfmmmiztmEmiiMmt<Dmx<Dsmv ^ 
u mmsj^smm^it^^imm'^ 5 m m&rf^^t u 

<J±0.2~2.5/im2aLtK9 0fig%jea:iJ*L<l±9 5 
±, L < 8 0M:%JliU:«j2.*nfe^-^*$:^ 

pj±»i^ L<tt 90-95 m&%jsixmm^m^m^ 2 

ofi4%^^T*f * b < 5 ~ 1 ofi*%®^i>^ <t^- 

[0 0 0 81 mi^^Mm'f-xit^mmtmm-its i, 

Sn, Ge, Al, Z n, Bi, Mg, Pb, Sb, 

B, In, Ga, Tl, P, As, P dJ^ZfP t(D'pt£ 

[0 0 0 9] mmmm^m 5aji%jeu:, 0t. 

L < ti 9 7 m&%&JiX:& U , 5 fia%J!JATif * L < 
[0 0 10] SJfiBA®S«fe®ti> tui^O^b^S^jb'Sj^ 

ifelK<7)(0 0 2)®ODr^*^0. 3 3 5 0 nmRiiO. 3 6 
5 0 n mJ^AT, ( 2 ) tfj|aj^^t)ScDT;i/=r> 1^— !f 
-^V>ICJ:S 15 8 Ocm-lfC^-rs 13 6 Ocni-lOOtf 
-^3iSit*^0.l 5JiiLh2.0JiAT. (3) ttfSBSMtifei 
O^l^fl*^ 1 0 fi mJSAT> (4 ) t(®BA1i?S#jS®Jt 
^®«*Um2 /gRil 0 0m2 /gJt^T> <D4 0(D 
^G)e)-&'>^<i:tloai:, i?*L<«2oRi:$: 

i^rjummi^^^^ttfx^^. 
[0 0 11] jEmh. ')^^u^ity^mmi&'^mtA 
-mmmo'K^^^mt.. ^}^^h,^:tymw&<Di^yi^ 
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'smiLsm^m^yMh. 5 ofia%jMff* l < « s 0 

^mmm-h^m^Lxmimmthismz^im 

10 l^tiS!i!5-?-f^Jc5 0S*%jea:, «^*U<l*80a4 

[0 0 12] tuiai?fbife)tt, ABxOy (A: Si. S 
n, Ge, Al, Z n, B i, Msti^<t>M\ti^^ Itxi 
Ms »*b<{4S i, Sn, Ge, Mg, B : S i, S 
n, Ge, Al, Z n, Bi, Mg, P, B, Ca, 
K, Na, Li, ¥1S^it>m\tt\,^'ptj:<iL%l5xMs x 
= 0~1.5, ^J*L/<ld;0~l . 0, y = 1.6~5. 

5, if*b<i4i. 0-4.0) oymmDm^cm^-^^). 

20 M^SXtt#{C#S®*W*LV\ x©^i«Bi:LTS 
[0 0 13] *5§HJ0U^'i7A-r:>j«?liJT'^3 

t\,ibmw&A^m-mzfmir^z.h\z^*)^ 

{0 0 1 A\ mammt-hX. SIO, SnO, Ge 
O, SiSnOs, GeSnOs, SiGeo.sOl.S. S 
0P0.2B0.2O2. GeSi0.lO2.2. GeP 
30 O.5O3.25. GeB02.5, SnSi0.7Al0.lB0.lP 
O.1O2.95. SnS io.8Mgo.202.8^*^lfe>4xS 

i}K mzz.i^^\zw^-^i\hmx\-i.tji<. ±m.mm\H 
T', \.i-kwm\c.^\zn^mtx'^^m.imtb^\^ht. 

[0 0 15] ^mmm}¥(j>mm.(Dm.i\^mB-\%. 

1 0 fimS:Xft^^(Dimtb^\ $e>{C5/iniJ|iAT7b^ 

40 ^tird&^tmmmm(Dmuz-m^mmLx\,^^n 

50 Mm®:)?*^Li<7>fi£ii:tc;ffijT*fey, SMbi^(7)®ti7£:# 



(5) 
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±5 0nmJi/lTAW*LVN. 



7 



[0 0 16] mmti^smmotvmi§(Dmmm- 



[0 0 2 2] m^<^mm^mmm.(Dm&i)^pi 

tC^ffi-tS^^lftW* L\>\ mAO . 5 1 4 5 nm 0T;i/ 



nmm'K<Dmm^^mmiFmm (SEW) ocin-i#ia®tr-^ttSLnfc#Nse«Ki»c*f/s-rs. i 

ir^ZtlZ^Vm^^X'^^. L 1 tit-^^m^»Smt^ 5 S 0can-l#jaCDtr-t^i:l41 570-162 Ocm-l© 

Mi^(DmBt. immmM(DmmiziB\/^xm^^n^± mmz^^\d:-^x^^). 1 3 60cra-%ja©i^-i7^ 

W^l-OM^M^m^-t^ Zl tC J: y d© 10 1570 — 1620 cni-l®$5H{CfeS tf- T'fe U , 

«l!l^L/fc±SB!e^^<D«[t*, ^ffiS^Si:*) 5 0 1 3 6 Oasr^^i&O^^-^ htt 1 3 5 0~ 1 3 7 Ocin-1 

o~i soo^T'feofco ^wm^(r>wmmi oymm^z^^y^-^x^^. '^^&^(D^i^m¥^n 

±l3K^-*^jK^#)^{C*I|g$4xTV\§i:^|Hl i 5 8 0an-l#ia®t:°-^'5&Slc^^ 13 6 0 

[0 0 17] ±mB■f^^m^wmzim■^i^rd^mm m(D^^m^<tA^t.w^!m.msit-t^t^^. 

icfews, ±.tm'f^^m^\^\iL mmitx o . o 5 jsa jg^ii^^a^^m^tt. RfflTb^o . 1 5 ~ 2 . 0 r-^ 

±0.9 5jeilT*W*L<, 3e>fC0. 10jeLh0.9 0 SZil^W* UVn. i|ftc, 0 . 3~1 . 27bW* LV^ 

iik-rt>mt.L<. o.2omLO.Qovxvimi^h<. 20 [0023] liwe^^iE^HT-ptfriapgoDj^is-^ii, 

[0 0 18] msm-mm.^t\^x\^^^^sm).t. ^T-fesziiAU y^?* Lv^. #ic, hs^vjns <jt^ 

ttX'S^*^. ^Sffi^{CJt/^-e®3S6J:®lftt*^^S. S^ttl 0 0m2/gJ^AT;&W*L<, $e>(C0. 5~5 

i^lMSi^^IJllcl*, d0 0 2;<)^0.3 3 5 0nmjeU:0. 0m2/gX)W*LV^ tSfa^^-T-ldU d 0 0 

3 6 5 0 nmJSATT-feS. *^^<7)X«Sll|#f^lCli, C 2*'5o. 3 3 5 0~ 0.337 0 nm'T?&€>::i:*W* 

uKam WE5 0kV, #®5K2 5 0 mA®X«g$: \^\,\ 

fflV^T, 0.002 ~0.0 Ideg X7^^i;>^T'ill!l^L [0024] j^Bu|gmi> m7L\t^m^v^, 

fc, (0 0 2) ®*^f><^)liI#f^C*a^•tSllI^tti|«&^ 30 ^y^^^O^I^-ftWIgi*, &SVHi^7Jtttf«y^, ;KU 

-ftU A^v^;/^>F5:iyig^LT||ja® (002) IS^ T^' U;i/- h U;i/, ^iZ-^l/^flg, ^^^^SJI, ^(3D 

ffilEft«l$:#fe„ :i<Dmi£MUoy\^-^\t (0 0 2) ffi il^fbt^rlg#:;^lWv^e)t^S;b^, #«S^*!«ff{^<5D,^, 

0 2 [0025] :^^?§#lSri3u Jt^ffi^T^^;^^ < 

[0 0 19] d 0 0 2 = ;L/(2sine) «riS^JI*m5DU /hS < i;^'l4|g*^b-ts. 

;i=0.15418nm ZCDtcHb. imW».lt 1 — 1 OOm^ /g:ftW*b<, 

J^^ifelM{Cj:oTli, (0 0 2) lll»fl^-^*^^{C J[t{C2~5 Om2 /gjbU 
^iHlt^S*'^, ^SSlK?:=botr-i'fCjt!f/S-r-5d002 [0 0 2 6] iE^g^gifejaiibTli, 'Jf^-^-^nA;!/ 

fi0.3 3 50nmai:0.3 6 5 0nmJg*T"r'«:l:ttl« -fb^^ (L ixCo02) , U^'^Ar.>y>r;i/®Mb% (L i 
'5:e>J&;(^\. 40 xNi02). U^'^7AV>:3!j*>^t<fef (L ixMn 

[0 0 2 0] — 3)^, ±iB*iiEffi^A^e>J!iAT®^$:fflV^ 2O4, LixMnOa), i^^X^V^^yi^—y^JVaAjl 

X. cimmaymm^i<:^^(Lcmi^tb^ti^, SSKbife(LixNiyCo(i-y)02)^<Z)^^®?ffc;ife7bM£ffl 

[002 1] Lc=K • A/(/3 • c»s0) T^*, 33T% 0^x^1.2, O^ygl Tfe€>. 

A.=0.15418nm ^fl^^mMZi'ntcmmX&-oX=b^\>\ zti^om 

/S : ^Nffifg i^Vry) Ktt^*^S3~4 0 nmtm^ LVV 
±iaMlEffi?^j!)^e>:^«)e)tlSL cJi, 0. 5 nm RJiA-C [0 0 2 7] U^>^A*a&@fi¥jSi: 

* L <, $ ^jlCl n rnJiU: 1 0 0 n mfi^TAW* L Sitfe*«^^*^fflV>f5n.5. mmmt LXit. M^L 

<. 5nmJ£U:8 0ninJiAT;{)Uyi?*b<, ^ibiZit it. ^^\yyii-ifs%^ Y, ■:fu\^Vyh-if^%- V , 

1 0 nmRJb6 0 n mJU/lTJ&W* bV\ #{C 1 5 nm^i^ 50 i;x5^;i/;!7-df;^>r h. 3i^;M5^;U?!j-Ji<:^W h, x 
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-df*-K 1, 2-s;:jI hdpi/x^fX 1, 2-V:sl 

[0 0 2 8] mm^tLxit. y^yv'ftuymv^'yj^ lo 

(LiPFe) , J^'^^^j/'fbU^'^A (LiBF4) , m 

ig^U^-^A (LiC104) , tfXhU>';i/:^n;* 
f^;i/X;i/3jNx;i/^$ KU^^-^A (LiN(CF2S 
02)2) . y^y^imMV^^M, (LiAsFe) , hV 
7;i/:to^iJr:^;i'5i^>gpU5=-'t7A(LlCF2S03) m 

'i7A(LiPF6) , ;fx'?>'«)/'fbUf^C7A (LiB 

F4) , i^mu^'y^^ (Lici04) , \^y^hvy 
n :jI ^;1/:7.;1/jJ;x;i/^ ^KUlf'CA (LiN(CF2 

so2)2)*w*Lv>o ^mmizMt^mmnomm 20 

0.5 ~2^;i//u h;i'AWS LVN„ 

[0029] iE^i3J:0t:ft®®#«Mi: LT. # 

So ^immt LT 3 0 A m;i/^T, ib^SWT' 1 ~ 3 0 
OrnVgAWSLt^o ifciaflO. 1~1 0 /(im, 
2~3 0At^l®i^^®gem$:ffl^^T=bJ:^^, flttC, ^fs^g 

Ni, Co, Fe, Cu, Ti, C r ^3J:l>*3.tie>&-^ 

lEffiT'ttNi, Co, Fe, Ti, 
Cr, AlfeJ:t>*z:tie>S:-^«t--S-^T'feS, 3*ie> 

3 0/4 mJe*T*W* ^. 

[0 0 3 0] 'nmmtmj'M., mmttmmi^^m-s-^ 
"^^mi^m^o mmmt. Ti<vmt\f:-v^y (pv 4o 

DF) , x5=- n°i/:y-i/"x>^-^(EP 
DM), df'J-5=-h57;i//f-nx5^l/> (PTFE) , 

;i/t:''js», ^'nnx;i'*;>"fb3tr';x^u>, 

#. »S«*t«:^t>-l±fc-&^rll«)e)*., *^#«2~2 0a 

[0 0 3 1] :feM{Cfel,%Tl±Cu, Ni, 
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ti^S. iE^^cfev^T^±Al, Ni, fesi/Hix-r 
0;p:$«l 0 0/!*mJLiilT:(tiW*L<, #{C8~4 0/im 

[0 0 3 2] Mn\y-^\t. ^mm^-^ymmt^m. 

b^. 7KU:tl^-7-<>, 3jf';xx5=';i/, >KU-rh^:7;i/ 
fc, TK'JT/Ptfl/^, jJf'Jx^i/^, /i<U:ri/:7-f >$g 
t'x y d< U T U ;bT 5 F^&iKU V- V h U 
iS^'-^*3KUxf=-l/>:r:^-y-^ K, i'9':7>x— 5^ 

[0 0 3 3] ^^^^i;, ^fb«aT-i:{C««6<i;5:i± 

g^5:i6-rfci?){cii, ±fia!i§i^iwi±*^*-r -5 j: e» ^^^i^^ 
m^t^vmi^fc^. 3e){c7oo~i 2ooTccD«aKT' 

^V^*^, 7 0 0~1 2 0 OTC. ittlC9 0 0—1 1 0 0°C 
[0 0 3 4] ^StIlgmcj:Stiia«!®li, j^tulE 

|g#;®Mb^ias«> soo — isoo'c, 9 o 

0~1 2 0 0^C7bW*Hr^. i^^b^£ra#H^tt, 
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[0 0 3 5] smm&^^^it^^tstitfmMiz^^jm 
tb. :^i^izmmmi^t.m^L s o o~ 1 5 o ox:©m 

T'^So ZZX'<Dmit^^^. 800-1500 
■C, #{C9 0 0~1 2 0 0°C*W*Ll'\ j^^b^a 

[0 0 3 6] ^ts^g^OV^-^A^JiJcmmti. iE^i?Sife 

lEm. ±A\y--si. Mm^mmi^x. #m®*>e>^?>^s: 
rnvmhtzw^x^^x^. itzf^mi^orcmm^ay^ 
mm^mMLxmmLtcm^x^. $>:s>\>^t^zf^m^ 
Ltcmm^(D^mmi:mM Lxmrnvtc^imizm^^ 
i±r=.mMx^^x%j:\\ ttj^t>t>. M\^^s>mmtik 

[0 0 3 7] mmimn^Rv^mmmiz. 
mEiEmtMmt0mx'(Dmiv^^2^-^yty<DmM 
im^msm^!mizMvxmi^s>^m'&xf^ 

Wimmmm^mx?^mmML'f'\H\z 5 0 

S*%Ri:m* i^t=m.■m^^m^^ i: i: t){c, tufa 
9 0 fiS%J[JiUt3!)'S 5 0 m;iATG)i|Sfl $:*-r -6 3 i: 

[0 0 3 8] :^w)m. mmi-mf'micm\zm5JE 
ms^Kni^xmi^^^mH-mj^^mmm-o^ 
mmm.^ifmdmmm\:i 5 oasroj^uiA^m* 

[0 0 3 9] ^^^mizm^^M^tLxit. ^fm. 

[0 0 4 0] OO^mJiATlCS 

[0 0 4 1] W'W^nr^0immzimW(Di±:^iz^^ 
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^«s^jgOl^*^3 0%^-^*S, *|8WT' 
li, 3<^M»5KS:9 0 0TCJtJU:T'*IlM*!ia^^ 

^tL<lt2 0 0 0X^mi. #(C2 7 0 0TCjeU:T'3H 

[0 0 4 2] tfc, mmiz^^xm^nt:imm&^^. 

[0043] *56^(D#N7j<^«<!g?Kn?Jctt?fi». mk<D 

[0044] *ffiw® u ^^-^zd^jcmaiii*, 
A-yn>. m^nm. phs. »i^7t^>^^. 

->^i/3-^f, -T-y^jiyit]^^, 9ma\^-m, 
[0 0 4 5] *#6B^®y^'i7A-r^«?fittjg3^«a.tKg 

30 [004 6] 

[^w®sy6®j^^] (mm i ) ^^k^ i o a m® 

^mns i 0!fei-?-i:3pi^fl2 0 Am<D?$^!S^!Q!|S■f 

fiajrb? 0 : 3 OT'SH^U z.ti%:mm^^<-)vs.)im 

X-r^ \y7.mX\ nWm^^Zf-!i^-}l'^ MtA r #H 
^Xn^tz. $ f>{C, A r#H^tfjT' 1 1 0 or. 1 ^ 

40 d 0 0 2^*0. 3 3 5 8 nmT'feo;t. Lctt4 
SnmT'&ofe. ttz. R-ffitiO . ST'feofco ±IB^ 
-^5[^(Z)l^$:t^Lfeiie^, S i OiE-5^ti^|$S!K-?-p>g 
icaiestu S i OCD^pa^D^fiStt 1 . 2 m 7?, ^(D 
9 5%JM±*U 0 MmOTT'feofco S i O-M 

l&«-^7K®J:b^®||{*6 3m2 /g;ai>-9 5%J[ia:*'^ 
4 0 /imOTT'feofc. S i 0-M^i&^-^5S : P VD 
F = 8 5 : 1 5(DM*ifci;«:S.}:e)tCPVDF(DN-;)l 
^)V\^U U K>^i:S i -M$&^-^5f5S:-<^U m 
$ 2 0 AtmOCu^lC^Lfeo 1 2 O'CT'l^ 

50 u-'^-zfuysiz^ijmm^m&miu m 
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[0 0 4 7] mmmmizits ^^t^imiOfimoLi 

Co02®IE)*?:fflVNfc„ LiCo02i|i»7K:^: PVD 
F = 9 0 : 6 : 4(Dmm:ttfj^^^i)U-^U 

2 0/im<DAl?g}C^Lfeo Zltl?: 1 2 Q-CT' 1 

mzitmrnz omizn-^m^, jEmtLt^. ^zx\ m lo 

[0 0 4 8] ±M(DMmi3^V^iEm^. igi tC^t-n-Y 
(DsEmm 1 tCiE^«<*2 a UlEm^Z b *^e)«:SiE 

^SAffi4 S:X7K>y h^lCJ: tJiagL;^, iESfeJ:^^ 

-7)^:^^ h (DMC) 1 : 2 (Dig-^^tC 1 U 20 

hJV<Dh i PF6 $:^Ufe®^$:^35-y:, jKU 

[0 0 4 9] Z.(Dm&^^mm^l raA, 3^«*llh«BE 

4 . 2 VT'5S«U i}(««gfS 1 m A ,tSmm±n& 2 . 7 

V X'im^-^^mcm^^i^/v^^m&Lr^o z.<d 
M-r^ 1 0 oi?--f i'^ba^ijc^SNa^iis 7%T'«> 

ofe. 30 

[0 0 5 0] (mmz) mmmi o ^m^^^Ms 
i om^t^i-immz o M.m(D^jmmL^i:mMit8 

J: tjf A r ^mm.xn^ rtltC J: y m 

Pjtvfe S i 0-|^^^5l?$:/£:^X^[lI^{C J: 
mLrc^^3^ M^©d0 02«0.33 6 7nm T'^o 
fc. Letts OnmT-$>o;to RfflttO. 

8 T?feofeo ±fB^^5^(DWf®S:I^Lfei^^, S 
i 0!f5z^^ttM$9!fS^I^lCtIiSSn, S i 0®5p*D!(SStt 40 
O.SfimX\ 9 8fi4%;iU:*': 1 0 a mfi^TT'^o 
fc. S iO-M#fi^^5|5®Jt^®Stt4 9m2 

/g;RtJf9 8aj|%JSiLh*^4 0 AimJ&lTT'&ofc. 

[0 0 5 1] ±faS i 0-M^{i^^5^i;. 
il. -T^h^t: Kn:75>5: 1 0 0:30:30 0(DMM. 

itxm-^u mr^m jSsseu^co znsrn-^fu- 

5 0°CT'3Wpr^^^LTS i 0-m^^^5|5/lf 
>y ^^^*^ifKf ^CD^-&^=m$:;!j >y - ^ 2 

0 O^-yi/jiJi^TtC^U ^^^r^T•2g^cpT'3X)/^lin 50 
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(Dimx2box:t.xms.u immi^i't^. zn^: 
m^mrfX2 0x:/'hxi ioox:tX'ms.u iNf 

2 0 0^^y$/n.JWTtCft?#U S iO-mQ-tfy^W. 

mmiz^ v^mLt:!^^. m^(Dd 002^0.336 

Bnm i:0.34 3 5nni<i52o®lf-i^*M^$tl 

fco tfc> Rlilil .OT'feofe„ SiO-MIS 
- ^W-^^<Di:mmmit 2 8 m2 / g T-* o fe. 
110 O"CT'0ilJ|^{Cj;oTS i&tJ^S i C:^'^^ 

[0 0 5 2] ±iBs i o-ify^m^m^Mmmm 

U iE^Wtt^i^fl 10Min®LiNi o.sC 00.2 
02=&fflV>fe. fli^ttEC, DMC, DEC 

*^3 : 6 : 1 ©M^^fC 1 ^;i//U «y h;i/OL i P F 

[0 0 5 3] c:(Z)«?ffi$:3^«mimA, ^mM±W£ 
4.1 5V T'^mU i!iS:m«8iglmA. ismihmEE 

2.8V xwm^'ti^mm^^ i^jimt^mmLk, 
7fmmm&(D^y^\,i 1 3 %T'fe o i^^i^^v 

mzMt^ 1 0 0-9->f ^;bB«>St^**|H^tt9 2% 

[0054] (||JgM3 ) ^i^#2 0 A mO^S^S 
n02 llfi^t^i^Sl 0 /im<D^<^^im^^mmt 

5 0:5 OT'BE-^U igMMjJ<-;i/5;i/«ig|S: 6^fSI6S 

bfe„ 3K-;L'$;i/^feJ:t>*it:fii 0miii(D/K-;i/tt>^-7^ 
> u:xaJ^T% l^p^PMfe cfc t>*:K-;i/ 5 ;i/tt A r #h^T' 

^Tofe..$e>{C, 9 0 0°CT?5^r^, A r cfiTiDHS^aa 

3*llCJ:Uf§e)tlfcSn02 
S:J[£^Xi^|@I#f^tCj:y^^^Lfc^gm, i^0dOO2 
ttO. 3 3 5 5 nm T'feoTto Lctt6 0nm-e 

6 o fco * fe, Rflii 0 . 4 T'fe o fe. ±IB^^7|5® 

iifr®s:i^bfei©;i^ snozm^itmmiF-Puztm 

S n 02 <Z)5p*IHS#tt 2.3m mT^feo feo * 
fe, Sn02 -M^^*®i:b^S«tt4 3m2 /g 

[0 0 5 5] ±|3Sn02 1 

5/im®||$Qi^*i:PVDF$:4 5:4 5: 1 0(7)^^ 

U ^^Jii:|iI«<D:&^-eA^$:^^L;to I6 

mmimm>:mx=i^>mm&%:m^iyr:^o ten. 

U iE*il*NFtt¥*^S 1 0 /i m® L i M n204S:MV ^ 

fee 

[0 0 5 6] z:®li?a$:3T5««SSl mA, JBmmmSb 
4.3V-e?6«U ]afimi!f51mA,J)t«ii^itmffi2.8 

«?fiOMa*)rB^att4.2mAh T*fey. ^T^pT 
736^S©fiJ^tti 7%T-«)ofe. iv-'^i^jvmz 
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[0 0 5 7] (^m^) ^mimi 0 um(D4mns 
nsio.9Geo.103 n^im^-immi 0 fim(D^fm. 

{iAr#H^T*^fofc» ±gBSnS io.9Geo.lO3 - 
1 0 0 : 3 0:30 O^fiftitm^L, 1 ^r^f^, 10 

9t Kn:75>S|g;*u 1 5 0"CT'3^r^s^$gii^b 

T G e -mm.-m^/\£v ^^^ftm^nr^, 

^W$::*'i'^-^;i/T'2 0 0;*^yi>^iJ^TtC«f#U 
«*tV x-^ffi^tf T' 3 "C/iDin ®5iKT' 3 5 0 1C * "e^M 

U mr^^Lfeo 3tl?:^?iS®TT'2 01C/hT' 
l 0 0 ox:*-e#su 1 Nf^^u bf>v^$:-^fb 

LJto Zl4xS::*«v^f-^;UT-2 0 0^^yi/3.JtJATlC«?# 
U SnSio.9Geo.l03-l^V^^^*S:l§fc„ 
#ejtlfeSnSio.9Geo.i03-l^^y^^^^$:j£:^X 20 
«SIlI#f&lC J: U^^^ LfeM^. ^(D d 0 0 2 (i 0 . 3 
3 9 8 nmT'*>ofe. ^^^^3^)^6#^b^4^fcS n S i 
0.9Geo.i03®¥:^®*0. 6/tmT*feofc. 
R-fiittl . OT'&oito SnSio.9Geo.1O3 
- t^'i/^^-^^^Jt^aa^ 2 4 m2 / g T'^o fee 
S n S i 0.9G e 0, 1O3 l|5i^-{i|^iS!te^-|^{C*liii*tvT 
»; , 9 9fi*%J&Lh*^ 1 0 At mJIJ^TT'feofc. 
[0 0 5 8] ±gBSnS io.9Geo.lO3 -t^-yf^^^ 

T'^^Lfe, fcfe'U «MKiiPC, DMC7b^2 : 3® 30 
^B^^IC 1 . 2 ^;i//U h;i/©L i P Fe Sr^L 

[0 0 5 9] ZL^ftHtS^J^SrStSl . 5mA, ^B«^JLh 
«BE4.2VT'^SU ijt««SKl.5mA, SJt®Slih«)EE 

2.7V utm&'&^mm-^^ 9 )\/mi.^m&hr:L, 

^w^mmcom^it 1 5 %T'& o fe. 1 •9--r ^ ;i/ 
B tc*ft s 1 0 0 -y-^r ^ ;b a ©jjt^iffi^^ti 9 3 % 

[0 0 6 0] (^0!I5) sjlisHiK^i o^mCD^N^HS 40 
n S i O3 'm-im^immz 0 Ani®5c^(^IMlSffi-?$:M 
fij:b3 0 : 7 OT'ffi-^U ^Ml i:ll^©7jf-;i/^;i/ 
«l®S:4 8l^[gifiUfc, n^mtS^Xfiii-JV^MtA 
r#ffl^T'f?ofeo ±fBS n S i O3 -||ID^^7f5 
i:, 5^6t:°^>'5^i:. -T^h^t Kn7^>& 1 0 0 : 7 

0 : 7oo<DmMitxm^u i^mm^, mmvr~, 

5>$:K5*U 1 5 0-CT'3^r^K^fg^L;t„ Zl®^ 
«>C V ^T'3g^l4'T' 3 Vymin ©itSX' 3 5 0 r * T'#ia 50 



#gg2 0 0 0-243 396 
16 

U iNfr^WUfe. i4a5:M^^?fgjiTT'2 0X:/hT' 

s n s i 03 -ms&-}:fy^m^m^m~o m^ntz 

S n S i O3 -M^-t:°>y5^^^5(5$:j£^Xi^IllWffi 
JCjty^^ffLfe^^ |^CDd002l±0.336 In 
mi: 0. 3 3 7 8 nmT**ofc. mW^ti'^^tbibtl 

S n S i O3 (D^^tmmt 2.2 fi mT'*>ofe. * 
fe. Rffltlil . ST'&ofe. *fe, SnSi03-|^ 
-t:-^y5^^^5|^a)J:b^®««2 0m2 /gT'feofe. 
[0061] ±IBS n S i O3 

fSifeKicfflvNfe«?fiS:iiisg^ji iimmo>:^mx'vmL 

fe. fefe'U «^?SliEC, DMC^U : 2 0^1^^ 

ici.s^;!//'; h;i/©L i p Fe ^m^vtcWmL^ 

fflV^fe. 

[0 0 6 2] 3®«ftfiS:3^SSgSlmA, ^mm±mS. 
4.2VT-?B«U St««85glmA,iJt«i*llt®E2.7 

V T-iJc«$-&-&^sst@-y--Yi';i/^S:iy6Lfe. z(d 
>s^*«)i'j-^«9%T'feofeo -:^f, i-y--f i^;i/e{c^ 

feo 

[0 0 6 3] (mm 6) ^limm 1 /I mmmus i 

0:50:5 0 OCDMMitXm-^U l^mtm, 

Lfeo :iti^&n-^U-xytyi<l/-^S:fflv^T7^h^t: 
KD7^>S:|^U 1 5 0iC-e3l^|^B^$&ISlLT/ 
f^y f^^^^^)|!4$:#feo 3©«^W&7!3 - ^ JVX 
2 0 0 ^ ^V ^T'^^*T' 3 r/mi 

n <Dii||T'2 5 0°C*T'#SU l^r^^bfeo Zltl 
«:^»fEilTT'2 0TC/hT?9 0 0t;*7?#?aL, 11^ 
r^^U f<yf^$:^fbbfeo ^tv$:;!j>v^f-^;i'T' 
2 0 0 ^ «V i>:3.J^^T(Cfi??*L. S i 0-j^^^p|5$: 

f#fe. f»e>ixfeSiO-j^^-^7|c&j[A:ftXi^ia^55S 

lCj:*J^«fbfei!^^ i^®d 0 0 2{±0. 3 6 1 0 n 

m T'^ofeo *fe, Lc{i5nmT'*ofeo *fe, R 

mm. 4 X-&-D fee ^ fe, S i O 

mmmt 7 m2 / g T\ S i OSfS-^lij^^^rttCilii 

*tUTV^fe. 

[0 0 6 4 ] ±iBs i o-mm^-mM^^mmmz 
m\i^t=Mm^mmm 1 ufe, fe.fe' 

'V L i p Fe ^^htcWsm^m^^ 

feo 

[0 0 6 5] Z.(DWm^%^m^lmA, ^W^it^S. 
4 . 2 VT'3t«L. JJc«ffiSg 1 mA .SmmmEE 2 . 7 
VT'SJcS$-tirS?fe6JtmiJ->f^';i/|«SiS:ia6Lfe, 3©^ 

Wl^,(DWmmm-SL\tl .2 xa Ah. X&V. :^-s!m 
^fi©S!J-^tt2 0%T-feofe. i-^-(i7jbmzM 

t^io o-^)^^^)vs(Dim^mmmit8 8%x$>-d 
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[0 0 6 6] (tmmi) ^immi Mmo^^gs i 

0:50:5 OOO^MMtbrM^U 1 ^F^J^, JSgfg 
Ka7^>5:|g^5feU 1 5 OiCT'S^r^^f^LT/ 

n ©iiST- 2 5 0 x: * T'#ia 1 ^r^^ufeo z:ti 

$:^S!SiTT'2 0X:/hT'7 0 0"C*T-#?aU 1^ 

2 0 0 ^ >y ty=L^xrizfmu S i O- tf 

^nStcj: y^j^^if d 0 0 2{±0 . 3 6 9 
S i 0-l^»i/5^^^*<Z)Jt^®||li7m2 /g7?*o 
[0 0 6 7] ±gBS i -i^^^^&rft^?S!felM{Cffi 

/U <v h;i/®L i P F6 S:^Lfc«^$:Mv^7to 

[0 0 6 8] Zl©«?fi$:5SlimSSl mA, 3i5«^lhmE 
4.2VT'?SmU ac®®8glmA,iJ«i^lhmffi2.7 

^H, «?te®*0»3M^S{i 7 . 8 m A h T'fe y . ^ bT 

*r-rs 1 0 0-9-Wi'AB®M«^S|iB^tt5 6%T*& 

[0069] (Jti?M2) ^±^fl 1 0 u. m<D^^S 
n02 t^mmi 5 nm(D^^^^m&^ilPVDFi:3 
0:60:1 O0mSttil^^^t>lZ:!i.^O -^im 

^imi^t^o *fc> IISSMii:ra«®:^5ST'3^>3i!« 
L iMn204S:MV\fco 

[0 0 7 0] z0W&^^n9^imA, ^mm±9s. 

4 . 3 VX'^m U imm. 1 m A ,M9M±m}± 2 . 8 

m?a®«!Ma^*tt3.7mAh T*s>v, :^«r 

336i?g®i!l-^« 3 6 %T'& o fc„ 1 -y-^f ;i/ g (c 
1 0 o-b--f i7;i/g0jfc«^fi*iBt#l*2 o%T'& 

[0 0 7 1] (||6gM7) Jtcifi^qgWU^C/ixirriJca^fti; 

5:0 2 lC:^'t. '©i^^ti, iEmm» 1 1 (CiE^i^^J 1 
2 Sr^LT^SiE® 1 3 , 1 4 tCrftli-^^J 

1 5 ^mfnLX^&Ml 6, feJctJftAU'-iJ^ 1 7T' 
iE^il 3, 1 7, ^mi 6, -feA 

u-^f 1 KDMizmmu m3iz^-t^^izz.n^mm 

LTJfcS. m^^tcOiE^il 3, MMl 6 ti^ti^'tiiE^i 
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m?affi2oiciixM3ru wMfszotMrn^zri 

^, «?l^2 1 iii»|4(D;^^>!r>v S 2 2 Sr^bT® 
?ififfi2 0{C@^U mmi^tmMtB2 0pi%:m$iLX^^ 
So SM*fii:®lfif52 0*>sv%tiS?aM2 li:® 

^^&i»ihi-«.fc«){c, mmi2 3%m»x\>^^, ^ 

T^^S„ ®affi2 0i:eM^2 lliSUS304, SUS316, jS 
[0 0 7 2] iE^»^tC5pj^!fS@l O/tm0LiCo 

02 , iE^mMtLx^imm5 nm(Dmmimi^. 
f^mmtLXPVDF. ]Emm't$-tiyxm^2o fim 

©Al^?:ffi^^fe. LiCo02, iH/t^^l^, PVD 
F©afiJt«r8 8 : 7 : 5i:U N-;)l5^;i/ePU K> 

A 1 ^SOPSMtC^ 1 2 0 'C T- 1 ffipr^KSfai 

Ipi4 Omm, 2 8 SnnnlC-WU ffibiEM&f^L 
20 fc. 33T% iEfii©M^®«S 1 Oiniii®8|$^«iE^-^^J 
«^3tiTi36-rAi?Sy^':mbTVNS„ z.<D-:&lz 

[0 0 7 3] ^mmmit. ^jtr^^^T-f^ut. ¥ 

iilFiSS 1 0 fi mmmn S i Oim-t^^imM. 2 0 M m 
®?5Ml^ti!K-?-l: 8 0 : 2O0DS*itT'iS-^U 

V^iL. 5=-h9t: Kn:7^>$: 100:50:50 0® 

30 fiitb-rii^u mr^^. iSSKUfco z.t\,^u-'H 

U 1 5 0iCT'3^r^;^^LTS iO-^-l^>v 
^m^^^nt^o Z-CDWi^mA^i:} V^-^ )VX 2 0 
0:f.V S/iJWTlCiW L, ^X^M.^X 3 ■C/min ® 

isST'2 5or*T'^u mis^bfco ^n&M 

^^JSiiTT' 2 o'c/h-t? 110 or;*T*#iau 1 «pra 
i^y^^&j^fbL^o z:n5:;!j>y^-^;i/-e2 

0 0 ^ >y i>^OTtC«|#U S i 0-\^v^^^^^ 

40 i^ntLxm^t^. ±m-Mms!m:^&nxmiifimiz 

J: UrS-^ff LTtiISS, d 002«0.335 8mX 

:^«?)e)tlfcSi005}2*||>Kf^lil.8Am"efeofe. * 

fe, Rfitt 1.3, tmmmit 1 5 m2 / g x^-ot^^ 
[0074] ±M-kmmm:, M^mtt Lxmm 
m 0 pLm(Dmfm^mmm, ¥*Dii:^o. 2^ni . ^ 

i!^$3 OMm®ij^|im JigaflBilLTPVDF, :ft 

mn, m)imti&, mMma, pvDF®aftjt$:5 

50 5:30:5:10i:U N-^5^;i/trn U K>S:*D;i 
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Tig^LA^-^m^U-S:ilMb;t. zn^. Cum 

^MtiEm^m(Dm^m&mti -.4.2 tLt^o 33 

-:^tCN i l^rft^^rySrMWjJl^tC J: UE^Lfe. 
[0 0 7 5] ±AU-iHt, jy$2 5Atm, i|iI4 4mni(D 

MC*^ 1 : 2 (DM^^fC 1 ^;i//U y h;bCD L i F P 

[0 0 7 6] z:(DW&^m\^X. 3ltM«®ft3 0 0m 
A. 3SSiSi|iL«ffi4. 2V , mm±WS.Z.8V tL 

1 somAhT'&oito tr=.. mm(DimmAKMt:s> 

[0 0 7 7] (Jti?0»I3) ifclg?(Dfc«), ¥*§ilSS2 0 /t 
n, PVDF(D«4J:b*«9 0 : 1 Otf£?>^^KmmL 

1 : 2 . 3 h Ufco 

[0 0 7 8] 3®«M5:ffl^^T, 3te!&S«Sl3 0 0m 
A, 3f^«Si|ii:«E4.2V , iiJc«^ih®± 2 . 8 V ilL 

3 4mAhT'feo)to S]g©S!n^*{C*ft--g> 2 

0 0 •9->f ;i/ a CDSjC^»«)*fiS^tt 8 5 %T'& o fe. 
[0 0 7 9] Z<D^J:V, ^^mo>V^^A=j!mM 

[0 0 8 0] (mmiS) :i^m^<D^)f-^h>=J!)mMt. 

[0 0 8 1] 2p*tc(ggi O^nK^L ii.ogMn 
I.91O4 , il>ft^55«8^, PVDF&9 0 : 6 : 4® 

-\-6^\zmm\^X7.^^}--km^Lt:i, Z.0DX^U-$:K 
^, ^ K^{c J: y 2 0 At m® A 1 ^S®M®{C 

^LAc^, 1 0 o-cxzmmmi'tc, mmti o x 

1 2 Oniin(DMfiB-^T'fe.5„ 

[0 0 8 2] AMn§2^^ti. mmimm.\zi,x s i 

)IS«^JtLTPVDF. LT;»$ 2 0 

Aim0Cum5:fflv>fc„ A^®fJilLT^l^fll 0 
ti m<m)i^Mil^, 0 . 2 M m , 3 0 

uraO^mL »g^Ji:UTPVDF, :^^^S^*:^; 
bTJ^$2 0Mm®Cu^S?:ffl^^fe. 
^^tMIS, PVDF®«SJ:bS:5 5 : 3 0 : 
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20 

^^f-:/U- K^lCfeU^U 1 0 o'cx2\m^m 
bfc. ASli7 0X12 OmOMWlkXtb^o 

[0 0 8 3] mAizn^^J^'Oi^rJl^^m&O^ (a) ±® 
0> (b) 6^®ia$:^1-. ZlomcO^THSSttlS^l 0 
Onun, iIS13 0inm, H^f S 3 OmmT'&S, ^tCiUXU 
fcjjfU u>m<D-b/i u- 3 3 ©tfJfciE!^ 3 1 , 

3 2 5:5g2{C^ A 1 mwm^ 3 41Z 

10 5: itLk.0 ^mm<D±mizmmvtziEmo - ks 5 

i::ft®y-K3 71*. ^ti^4xIE^g^ 3 8, Afiiig?- 

u}d\/ym^^v^y4 o-k'fti^xwim.A wznx^^ 

X\^^. mVr-^)\yt.WBt. iE«^-3 8, 

^3 9 \ZJllL*mm=.±v h 5 0 fC J: Ugg^HT-feS, 

®?t!^4ltcii, «?fil^SI5®j!±;^*':4~7^{c^Lfc 

fc^tc. mmmzmmht=.ii7.^M.&,-t^t^)^<D^ 

ffiP4 2, Oy>y43, *flfc7}f;i/h44*>e)«:S, i£ 
20 IKn»?iAP4 5, OU>^4 6, i^ih/Jf;i/h4 7;&^^) 
«^3^XS„ «?t&^&3 4ii«?[!^4 1$:U— tf-^b 
m ?iAP4 53(>^6>«fi??KS:»AU ^P4 5S:^^ 
lh>K;i/ h 4 7 T*?glBbT, :ft^U 5^-? An«fem?lfiSr^ 
S-frfe. -^LfeWg^^Stt, EC. DMC*n : 2 (Dig 
■^^{CL i P F6 5: 1 ^;i//U h;b^5-ttfc^ 

3 8 Ah, 1 3 OWh-efeSo 

[0084] ±ize<D:^l!!U 5="^?^— ^mas 1 ©S?lfi^ 

4 1 ^±-J3\zmi1^. 10 0X13 Oiiiiii©{RM;6WloIf -5 
30 J:e){C-?lltC@BgUT, I215icj5-t8ii3?[jg§i^fl«tii$: 

Wf-^Xtz., Il?fi5 1 ®*f|oM®fSlC 2X10X100 
iiini©^>; 4 7>yftiX5^l/>igx^— y— 5 2 ?:]ft$^f^I 
{C?&oT2«(-roJfALfco M«?te®f!MilBU^lC3lt; 
amz.T.'ry U7.m^MM 5 3 i;/J<U 4 7 >y-fb:i:^ b> 
SSH^SiS&S 8 S:;Jf;b h 5 9 T-H^bT, Wf&^lO}^ 

m\^^^zsj]imt>^ J: e) (ci©«?)'fvf(:rfe. T.^ry vtm 
¥mM\ztj,^^'!>\zwm'—fA^xim.^ic\^ m!m.(^ 

fT—f)h, ■k^&Kti^~zr)v^it\^xmmm&mL 

5 6{cj^$*u mw^ffimmim<nt=.mz^^(o 

li^LTfeU, ii>^<iltjlM®®?fi5 l®«]Ei:®5S 

m®\zmmi^ 7 s^ff-^^rMwmsi&s^ 

50 $:|?±1-S<j:e'tCb7^Co *ilItt?te®¥*^lS}C®liEEtt2 
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7.2V , ^l^^ftS 8Ah, 1 030WhT'*>So 

[0 0 8 5] :$immx'it. wmtmwvmmo^mM 
to 0 8 6] (j:b^j4) mimi 0 iii^^tcuT, n 

[0 0 8 7] z:<z)^S!«?a®^*liSfl;«l±{S:3 . 7 v , 

^^«2 7Ah, 10 0WhT-«>So M^fi® 
¥*ld*««Et±2 9.6V , ^^fi2 7Ah, 800 
WhT'$>S. 

[0 0 8 8] (nsfeMQ) lyg^iji 0 tm^(D^mz\ 

5 0 0 Omm, (tgl 5 OnniKJDiEfii, feJ:tJ^$ 5 10 
Oram, (III 5 5ffiin©A^i5:^'^bfeo 06{C2^58W©Fg 

li, 1^3 2 0 Omm, jtSB OmmT'feS. iE;® 
m««:6 1 a^^WEm^MG 1 b*^e>^SjE@6 1 

Mmmiii 6 2 a J; tJ^A^^^RI 6 2 b jb^ e> 
m& 2<DmiZ±AU-'Si 6 3 &/rLT#§5te>4x;tSillI 

i:ASU-K6 7ii, -eti-ftiM*H^Slc3iy#»te>ti 

Tfe»J> ^«^{Co^l O^fcOD^U-K^SJUott 

;^:= oVNT% iE^U - K6 5 tMMV - K6 7 (i-iSU 

T. •€-4x-?-'tliESiS&?-6 8, immj-G9^^mLit. 

lEW^ 6 8 6 9 d<U tf 

:^r> 7 0 {C J: Ufe^^T-«?a^ 7 1 {c:^ 

fc. *mk<DA 1 mWMts 6 4 tW^Ml 1 ?: 1/-- 9--^ 

jfe^#8 0 s:«?t!^7 1 ib^^wmvrc^xmmiH 

*lffiSre«BEtt3.4 V, ^#^3 8Ah, 1 3 OWh 
[0 0 8 9] ®7tC±iibfeRfi®U5^«>Az:r^®tfe© 

(a) (b) mmm^^-t. :mm& 

±T{c^ti^'ti4M, ^n8m(DpinmmM^mm 

^■itf^m^X&^o jKU 7 >>-fbX^ U'>$^®^f pa 8 2 
S:g|7©J:e)lC@2gU 8M«)m?a8 ISrH^Lfco R 
^m&8 1 (DJEW^G 8 i::^®JSg^-6 9 li, ^«?{!! 
5?) WJ®g^ ^ •§> J: e) (cm^fS'tr - 8 3 T'g^^$ 

i!fi@MOiE^JSB-8 4, M.m^8 5^i)mLr^o P3 
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®iE<®«?6 8, :ft^3i?6 9{i, ^n^enm&Ati^ 

-•^)18 6 «::^LTMaillISS»R8 7{cggS^$tu ftm 

<'jm. 't(DmmE^i:mmmmL8 7^i)i2,ti^ 

10 ?l!l©¥*lt6J[@«BE« 2 7.2V. ^*S^M3 8 A h, 1 
0 3 OWhT'feS. 

[0 0 9 0] (jfessMi 0) m}nV^-^<ms&%:mi^t L 

H^T"T?9 0 0n*fctt2 8 5 O'er* 1 0 Hr^®iig^ 

[0 0 9 1] CuKa«|$:i|g2itLT, ta±4 0 k 
V, ^«i5Sl 5 0mAT'^^ifiifi&5^CDXi^ia^$:tfofc. 
l^^*®X«8lHl#f£Dl!S*, 9 0 0t;2SS:tX2 8 5 01Cl? 

tlS4 3.3S^S:t>*4 e.OSf^jfiCDl^-i'^m^LTdS 
^<^s^ti^(Z)2 0%J!J^TT'fe»J. Sff#*'!*«J15 

So f«l Ma&tC«^^jS©^^bi^3{)^3%-^*nTV^ 

[0 0 9 2] Mm5i5{C^*«2feli:LT-^«$tl-& 
S iSJ*, 0 OTCCD^tCttl 1 4 Opp 

m, i;lB^aS2 8 5 0X:(Dm^lZli.2 7ppnii:M'>Lfc. 
[0 0 9 3] llI«lCii;t^W^^MieS:i>x>y 
30 JUZ^^X 1 0 0 ^m&rf^zW^Ltc. m^^X. ZCDM. 

m&m^wmt.mit<Dmsit<DiBrmmi^r:i. toy 

. 1 2 ox:xmMu "ta^xmrnmo^n^ 
iif-^^\zmm^n^A 3 . zmBtx^4. G.omMi&.<D\^ 

- if i3M'P ^cD4{i^(^ 2 0 %&rfx-&-D fe„ 

[0 0 9 4] 34^e3®^^Q|&*5:fflV^T, ^Mlilffl 
^{C3taMd<-;b^;L^S?:fflv\Ta»T-S i o 8 o% 
-|^2 0%©«^5^?:#f-, ^^T^ttiygMli: 
40 m^w^x-^^k^ 

[0 0 9 5] M^;^;^#H^T> 2 8 50'C-r-4 

[0 0 9 6] 
t^l] 
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3 3 4 
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11.3 


3 5 5 


3 3 8 


5 a 


9 . 7 


3 6 8 


3 5 1 
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7. 1 


3 6 5 


3 6 O 



[0 0 9 7] zin,^aym^^^'kmmi^t. vxm^^ izn-:^^)\/- 2 -hfD u ]^y^taxm^i^xM^i 

[0 0 9 8] W!i&(Dl}immi}^9 0 0TC*fcfd:2 8 5 0 [0 10 5] iEm^M^m3!f-2 5 fimCDTJV^-^Am 

if-UT^^ (PVDF) S:i0wt%^UT, zititc fe. ^$88l^> a-9-::/l/>?.{cJ:oT«8iS:liHffi^ 

N-;*^;i/-2-t:°D U K>'?:}&D;iM^LT-^M:^5 U MLXm^^ 1 9 5 /tmiiLfco #(a®JSS U CD^3?M 

-$:iiS?Lfeo 3(Z)-^^jX9'J-$:;?^Al O/inKD^^S :^P«d:5 5ing/cm2 i|iS4 Onun, ^-^ZSbmO 

(Dnmizm^u ^<DW:i2.ox:ximmMmmL i<i^^izm^)mi^xiEm^imLr^. uu jemows 

r~, a-'^-zfUT.iz^-oxmm^imfSi (o^^ioma^^itJEm^mti^-^nxisib'frjv 

MLxm^^s 5~9 0 iuLm<DmmtLk. mimm^ 20 s.-^i^mmiiiLx^v. z.<D-':^(0]Emit:fi:m^ 

'J®-&M^*«¥i^l 0Dig/cin2 ffeU, 1 Ominx 1 M^tC J:oTiE*LTV^S„ 

0 nunOD:*:^ S tC-^ »J Si l^Xmrn^i^Ltc. [0106] A^^^^Wtt;?* 10^ m<D^<Dm 

[0 0 9 9] mSmiZlt. i^itl : l®X5^l/>:;!j- ffifC^U -fCDf^l 2 QTCT' 1 ^r^l^l^Ufc. K 

:7>y-fbu ymv^^j^i:m^\ u5^^;Aigsiiiioi/i jp*iS: 1 7 5 ^mi; ufe. mimm^*)<D-^mmx^mt 

t L7c. 2 Smg/cmZ X'^V. lt@4 Omm, 2 9 OiiiniOD:^^S 

r^T'-^mT-a«-r s z: (c j: o y l^tv iis^®«$ i o mcDm^it-m^-^Mti^mfs-^^x ^ e> -r 

PSCD@fe«-^n-mo V, 5VilLfe. 30 IZ^-DXSMhf^o 

[0 10 1] V'f-^M^<D^-mm^Wi*)MU7\'\ ^ [0 10 7] -feAlz-tJfl*, I^Zbfim, i(@4 4nim® 

ti^0^4*^^®TOi:7&ofc^5-t>--fi';uB{ci3l:r-& ^U^n tru>i3®^?LI^$:ffl^^fe„ lEm -feA'b- 

[0 10 2] Zine>(D^^*5:M^^fcU5^^7A— iSkS T«^i:Lfc. Zl4a$:.«?t!jffi{Cjf ALT, ASif::'^: 

ilt;{C?Sii^l5Ka*a'';3 0 0mAh/gJ5i±T'feo Hirb^'^l : l®x5=-L/>3!7-3j<:^-ha;i:>-x^;b5!j-3K 
fee o*y, ^{!is^«ig*^2 0%JL^^Ti:^i-^^V^;*:|6B^ h®ii-^^{C7^:7>v-fbU >^U5^^7A$: Imol/ 

#6>nfeo *lBI&«MS:2 8 5 0iCiilif<-rsi:W S:iE^fC?§g|Ufe«&, iE^$:*^U«?)#(:rT«?fiS:# 

l!a6ST'*^o^«s*':2 0%tATT'fe-^,M^7|5$:fflv^S 40 Sgbfeo 

3i:{cj; y U5^'i'Aiii^*&ytmm^*iJ:y;'i:#v^ [o i o 8] ^©m&ffl^^T, 3^M««gfD3 0 0m 

[0 10 3] pxt<Dmmmizm':5\>^x. mziz^-tn mm^rnvmLtci. 3^«®sf£S:3 o omA*^e> 

0O2, ^^[|tbTT-fe5^U'>:/9>vi'&7wt% [0 109] Z.<DV^Kf2^r.rXW&l,Z-o\,^XMkM^^ 

fi$mfiilLX^0y^vit\^-V7'y (PVDF) $:5w yigufv\ ®t!l®S(^4®^^b^:ii'<;S:. ^•©^S 

t%^IILT, miCN->l-5^;i/-2-tfnU K>S:in *, S:WCDift^*tt6 8 SmAh/gT'^U, 200 

;tii^LTiEis^?Ri®^^ u - tiMmLtz, -^^ ^jimzi3H:s>tmmM0mmm&izMr?>^r^ 

[0104] mmizMm^nt bx^^moMm& lis 6%T'^ofc„ 
'^MtLXPVDF^i owt%m\i\^x. z.ti 50 [0 110] $e)tc, M^mM^n^r:^^(Dmm 
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[0111] nrnt)^ 100a nUJ<T2S.0M<t:^j^® 

[0 112] (mmmi d ^mimi oumco^^^n 

S i O'i&J-t^m 1 0T'f#^tlfe¥i!||!|S#2 0 Atm© 

msm^t:m&}i,8 o 2 ot-pb^u ^n^mmi 

•ofc. ZltllC J; V#e,tlfe S i 0-Ma&ffi^7|5&/£^ 
x«|ia#nStc J: Urd'^f LfcSg*, 1^© d 0 0 2 0 . 

3 3 6 7 nm T*feofc„ Lctt3 0nm-r&o 

S i oe-T-liiyi&iiS-f I^{ciil2$*i. 
S 1 0®3pi!D^SStt 0.8 fiL mX\ 9 8 1 
0/tinOTT'$)ofe„ S iO-|^^-^5f5(Dit 

^iraili4 9 m2 /g5:t)f9 8M*%Ri:*U 0 ^umJiJil 

[0 113] ±gas i o-M^e^-^^i:, ^mi^y^ 

-T-N^t: y^uyyykl O O : 3 O : 3 O OCOfii 

Jt-e^g^U iNfr^i:^, igj5fsL?t, ^tiS:a-^u- 

5 oicT'3i^f^^?^bTs i o-mimmm/\^ 

0 0 ^ >V S/3.OTIC^ r^^CV ^X^^tpr 3 -C/iDin 
OiiST'2 5 0iC*T'#iaU l^r4#J$bfe. 
M3ggSjiTT'2 0lC/hT'l 1 O0X;*-e^U 11^ 

2 0 0 ^ >y s/iiOTtc<s#u s i o-mm-[^y^m 
msriz^ *)^m\^r=.mm. doo2{±o.3-36 

Snm to. 3435 nm(D2-0(Dif-'^i}'^^^-^n 
r=.o tt:^. R^ittl.OT'feofe. SiO-^ 
-\^y^^^m(Di:t^mmit2 8m2 /gT'&ofc. 

[0 114] ±iBs i o-i^y^^^^^Mmsm. 

izm^^r=.mi^mmmi tmm<D:^mximLt:io t^t^ 

U 5EW(i^mm^% 1 0 At m© L i N i 0.8C oo.2 
02$:ffl^^fc. Z.Z.X\ fl^liEC, DMC, DEC 
*^3 : 8 : 1 om^mmz 1 ^;i//U N;i/©L i P F 

[0 115] z.(DW^^immmimA, %w^±ms. 

4.15V T'jfemU i««gfElniA, miilit«i± 



#^2 0 0 0-243396 
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2.8V T'J5[@$-&S5te6i:m-9--r^;b^2:iisgufc. 
^ranss^fiofj^i* 1 3 %T-*o fe. 1 ■y--f 

1 0 Oi?->f i^;i/B®;Kc^Si8g^i9 2% 
[0 116] (HJg^Jl 2) WK#1 O/tmCDS i, 

G e xfiA 1 1 0 x%hntdmmm2 0 

Am<Z)^i&!S^i:S:=&'VfiSit5 0 : SOT'SB^U 
\tAT #B^T'^To Ttc cltltC J: U # e>tlfc S i . G e 

xtiA 1 -Msmm^^jiknyMmwrnzii y^ff b 

Sg$4xfe. ^g^©d 0 0 2tt0. 3 3 5 8nm Xib-D 
it. Lcl3;4 5nmT*$>ofc. S i^mi^PkO^ 

IlI#ft:-i'^i^^$tl^»*^ofco Rmo.3 -e 
*ft^tilS^fi«a^i^tcaifi:S*v S i^®TOISgl*Mj2 

/i^mTfeofc, ifo, 3ne>®^-^*0DJt^iaStt6 
3m2 /g-efeofe. Wt^M: PVDF=8 5 : 1 5 
©aftitiil?fcSJ;e>tCPVDF(DN-;)l5^;i/l:fOU F> 
?§?Ki:^^5^S:ti«?U J^S 2 0 At m©C ujgfc^ 
Lfe, z:*tl:l 2 O'CT'l^r^fgm, D-5-:/bX 
J: 'J «^ Dffi^ U ft^lCttitS 2 0 m\Z-^% 

[0 117] JESfS^feKlCti, ^mm.! 0 Atm(DL i 
Co02<Z)«!^*$:ffl(-Nfe„ LiCo02*&7^:|irt) : PVD 
F = 9 0 : 6 : AOimAttt.tji^iioU'^X^. 

2 0Mm(DAl^{C^bfec 2 0'C-ei^ra 

m<Dn&i)^i<^^^tz)i)\z. ^m^mizm-5>iEm^m<D 

MMitt: 1 5 Lfe. 

[0 118] ±m(7)j:mximLt=:Mmi3^v^]Em^. 

fc« l/xSSoiE^ 1 iziEmmfii 2 a i:iEfil^ 

:5(.7^>U>^i^:ft^Sffi3{C:t^ift«#:4 at5i;0f 
Affi^?fl4 b^Ne>^SA^14 SrX/K^y N^{Cj:*J|Sa 

(EC) i:t;>'jl5^;i/:^-/K*'f h (DMC) i:<Z>l : 2 

©ffi-^^ic 1 -V h;b® L i p F6 ^¥§mLr=. 

mm.^-^^-^. 3j<ux^u>i;j®-feAi^-^5-&*f 

[0 119] z:®«mS:jfg««8S 1 mA, 3^<SSi|ii:«ffi 

4 . 2 v-C'^Bttu 1 mA ,imm±ms. 2 . 7 
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iS^, W&<DWmWm^&itl 2.5mAh T'fey. :^ 

«na^a:®S!i^«2 4%T'feofe. i-b--f^;vg 
[0 12 0] (HiSfeMi 3) msii, mmQ tm-it 

T@^S«l*$::^7S-&fc, 1 ^mx&^nA<D 8 0 % 

1 0 om(D^m<mm 

mcD^Misrmt 2—5 %T'S) o fc„ u ^ A-r^ma 
t Lxii^mMmcDmKmm i~8, 10—12 icih 

CO 1 2 1] iiS®^yu>*i:l^UJ:-5fc^-^'f >)/ 

T. «^^laoh;^^'*fc^iISIe?:f!l®■r■5J:■sl^cL■c^^ 

Wffitt I G B Tl«|±;?)> PjSaeVilUfe, 2^^#!IT' 

e>^m:^j4 5 kW, h)Vir 1 7 6 N • mi: U « 
ir3iMtt«l*>e>je*&ffi:dS:3 0kWi:L;fe. 

[0 12 2] mm(D/m ■ ^mzj;:-Dxmsmti^i< 

v^. ^m±^iys.=LU-i^3yizj;ioXM^fj^tL 

[0 123] -<yA-9\t. ^■^D-m'^iZitl GBT fi^ 

mkh^tb^. z.(D\,^Mz^^-imm<^m!i, 

•5. #lClGBT(Z)?^*'<^fl'T?fe'J, ?^;^i:LT 
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li, tK?^, v*?^^i:'*^#x.ejtv§c zz.X\t. ^ 
[0 12 4] *^Wci3t:^s«Ei:LTU^'i'A-r>c 

®fiMf!&ttBi9 \z^'tmz^wm>'^)\m&wmt 

[0 12 5] :i?^mm\t^mm^m\^tcm^^\.t~ 
^(K>xihhi)\ mi o\z^tmzmz^^mBmmmm 
mm.rmmi$mmm^m\^tz.^nmmzn\^x^ 

nW<zm^'^^:ihiS^x^^%(DXib^o INV 

(Inverter : -O/^— , IM (Induction Motor: 
^Wif^) , E (Encoder: X>=l-a0 . SM (Syn 
chronus Motor : l^^mM) > P S (Position Senso 
r : ^g^ffi^) , PWM (Pulse Width Modulation : 
?V\y-7Jf^m) , DCM(DCMotor : B:gtE«K«) . CH 
30 (Chopper : ^3 , N* : Ji^Sfl^, T* : h)Vi7 

(nsfeM 14) El 1 1 \tmm\ 1-12 (cf3«cDu ^"^^ 
mmxth^, ipmdsfmiy7.7-i>m\t2 o o o kwx 

4 h, -fe;!/^* 1 0 0 0 Wh U 6 ofBia^fM 

1^ 2 4^!iafe3'!I^®M5:5^Lfe=fo®T'$>&o 
(cfcVN-ct^^Mi 3iiii^(cji^«a.y'm6)ctt*^^« 

[0 12 6] :^::^m<zis\>^x^m^tmmizm&im 

[0 12 7] *IISSm:^^*®m*Rf«&ee9i:Lfc 
[0 12 8] 

50 [Ell] ^mmn^ymwmmwm. 
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[02] :^mm<^v^^2^r.i!kmm(Dmmm«^mo 
[06] ^^m(D\^imv^^2^rkm,(DJsmsm 

0o 

[07] :^^m<Dpim^v^^2^ikmmm&(D±m 

[08] *58W<Z)y^^;Az:?^c®l!^S:Mv^fcm^e^|&» 

[09] :^^m<DV^<:pi^=.rkWM^m^^rc.ummm 
0. 

[010] *#§^®u^'^Az:^^:«^l!iS:M<r^fe#«®^ 
&i&*®S/:^'T-A0„ 

[01 1] *#eW(Z)U^'^?-6»n^^rSft6$:ffl^^^l«:t;If^ 

[01] 



la 1 




i^2 00 0-24 339 6 
30 

1- iEmfS. 2 a, 11, 6 l.a-JEWlMPf^ 2 b, 
12, 6 1 b-iEifii^^rU, 2, 13, 3 1, 6 1-lE 

m. 3 -Mmt5. 4 a, 14, 6 2a-:ft^«^ 4 
b, 15, 6 2h-Mm^M. 4. 1 6, 3 2, 6 2- 

Afe 5, 1 7, 3 3, 6 3"-feA°b-^f, 6, 2 2- 

:«/;^>!r«yK 1 8- -lEM^:;^, i9 -miitzf. 2 0, 

3 4, 6 4-®fif5, 2 1, 4 1, 7 1 •••■©f^, 2 3 
-iftei^, 3 5, 6 5-iE^U-F> 3 7, 6 7-:t^ 
U-K, 3 8, 5 4, 6 8, 8 4 -iE;®^, 3 9, 5 
5, 6 9, 4 0, 7 0-A-;:3|r>, 4 

2- -M:^mmn. 4 3, 4 6-OU>^i^, 4 4. 4 7- 

y-f-'^A-r^®& 5 2-;^'^— 9--, 5 3-^M^S, 

5 6-mmmmi. 57, 8 9-j?jim>t*, ss-h^ 

gpa, 5 9-7K;bh, 6 0 "^aik 8 0-g5^#, 8 

1-mk 8 2-@^S|5ffi, 8 3-'m'!r-y^;b, 8 6 

[02] 
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